INTRODUCTION
============

The sense of hearing is essential for speech and language development in children. Congenital hearing loss can cause language delay as well as deviancies in their articulation and voice. A common problem in the speech of hearing-impaired children is hypernasality. They produce nonnasal phonemes as nasalized \[[@B1]\]. The increase in nasal resonance in these subjects has been attributed to the faulty placement of the tongue towards the back of the mouth, or to inefficient control of the velopharyngeal (VP) valve as a consequence of absent auditory feedback \[[@B2]\].

Hearing aids amplify sounds, whereas a cochlear implant instead sends sound signals directly to the auditory nerve. A cochlear implant is a prosthetic device which converts sound energy to electrical energy which stimulates the auditory nerve with coded electrical impulses \[[@B3][@B4]\]. Speech frequencies are better represented in cochlear implants and hence provide a more natural representation of speech sounds \[[@B5]\]. Although cochlear implants do not restore sound perception, the implant provides the user with auditory feedback in the domains of timing, intensity, and frequency of sound. Auditory information received and speech perception using cochlear implants are expected to be far superior to that offered by hearing aids.

Nasalance is an objective measure of the nasality of speech. It represents the ratio of nasal acoustic energy to total acoustic energy (i.e., both nasal and oral), and it is expressed as a percentage \[[@B6]\]. Not many studies have been done on the effect of cochlear implantation on hypernasality of speech, and the available studies are limited to adult implantees \[[@B7][@B8]\]. These studies revealed that a significant improvement in nasality was not observed following implantation in adults.

The aim of our study was to determine how superior is the speech of the cochlear implantees in terms of nasality compared to hearing aid users, and also to compare the nasality in the speech of cochlear implantees with children with normal hearing.

MATERIALS AND METHODS
=====================

The approval of the Ethics Committee was obtained before initiating the study. Informed consent was obtained from the parents of all the participants in this study.

Subjects for the study consisted of three groups. Group I comprised 12 cochlear implantees using a multichannel cochlear implant, with prelingual bilateral profound hearing loss, and in the age range of 4-10 years. All of them were implanted only unilaterally after the age of three years, had used digital hearing aids prior to implantation, and had received at least one year of intervention post cochlear implant surgery. All these children were attending four hours of auditory verbal therapy per week from a qualified Speech Language Pathologist, and were attending a normal integrated preschool or school as well.

The second group consisted of 12 children with prelingual bilateral severe to profound hearing loss, in the age range of 4-10 years. All the children were binaurally fitted with digitally programmable hearing aids. No frequency modulation systems were used by any of the children. All these children were attending a minimum of four hours of speech language therapy per week from a qualified Speech Language Pathologist after hearing aid fitting, and had done so for at least one year. All the children were attending a normal integrated preschool or school as well.

The third group consisted of age-matched and sex-matched children with normal hearing. Exclusion criteria included the presence of (1) structural anomalies of the palate (e.g., cleft palate), (2) neuromuscular disorders, (3) cognitive delay, (4) common colds and nasal congestion.

[Table 1](#T1){ref-type="table"} sets out the details regarding duration of hearing loss for both groups 1 and 2. The average aided response for the different frequencies by hearing aid users and cochlear implantees is given in [Table 2](#T2){ref-type="table"}.

The average scores obtained by hearing aid users and cochlear implantees in the picture test of speech perception in Malayalam \[[@B9]\] was 20% for the hearing aid users and 70% for the cochlear implantees. The picture test of speech perception in Malayalam is a standardized test for the age group of 3 to 6.5 years. It involves coloured pictures and a pointing task, and consists of a list of 50 phonetically balanced, bisyllabic, closed set words in Malayalam (a Dravidian language of south India). The test is administered in a audiometric double room setup. Stimulus was presented only through auditory modality and no visual cues were given.

The speech and language therapy sessions for the hearing aid users involved visual, tactile and proprioceptive feedback along with auditory modality, in order for them to learn the different articulatory positions and movement of articulators for production of sounds. The therapy sessions for the cochlear implantees were purely with auditory modality (auditory verbal therapy).

The benefit of using hearing aids was assessed using meaningful use of speech and auditory skills \[[@B10]\] (meaningful auditory integration scale), the Malayalam language test \[[@B11]\], and meaningful use of speech scale \[[@B12]\]. [Table 3](#T3){ref-type="table"} shows the benefit of hearing aids, tested using meaningful use of speech scale, meaningful auditory integration scale, and the Malayalam language test.

The subjects were asked to say a sentence which consisted of oral sounds and no nasal sounds (\"Buy baby a bib\"). The speech stimuli were recorded from each participant individually in a sound treated room with an ambient noise below 40 dB, using a computer-based system of Nasal view developed by Tiger Electronics Inc. (Dr Speech; North Reading, MA, USA). The Nasal view is equipped with a sound plate that separates and measures sound energy emanating from the oral and nasal cavities. The instrument\'s software then calculates the nasalance score as a percentage. Before initiating data collection, the nasal view was calibrated in a sound treated booth, following the procedures outlined in the manual.

The statistical analysis was carried out using SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA). A one-way analysis of variance (ANOVA) and multiple comparisons using Bonferroni were performed to compare the three groups.

RESULTS
=======

The mean nasalance score was 65.54% for the hearing aid users group, 45.0% for the cochlear implantees, and 35.37% for the normal control group ([Fig. 1](#F1){ref-type="fig"}). One-way ANOVA revealed a statistically significant differences between all three groups (*P*\<0.001) ([Table 4](#T4){ref-type="table"}). Each group was compared with the other two groups using the Bonferroni test ([Table 5](#T5){ref-type="table"}).

Even though there was a significant difference (*P*\<0.001) between the normal controls and the hearing aid users as well as the cochlear implant users, the speech of the hearing aid users were far inferior to that of the cochlear implant users. The speech of the cochlear implantees was superior to that of hearing aid users but did not match with the normal controls.

DISCUSSION
==========

Hearing-impaired children show hypernasality in their speech, which makes speech intelligibility poor \[[@B13]\]. Resonance disorder, especially hypernasality, is reported as a common problem in the speech of deaf adults and children \[[@B2][@B6][@B14][@B15][@B16][@B17][@B18]\]. Research conducted into the characteristics of deaf speech of prelingual deaf individuals has revealed excessive nasality and/or resonance irregularities \[[@B14][@B18]\]. Research has also shown that post lingual deaf adults, after prolonged hearing loss, can develop voice and speech abnormalities similar to prelingual deaf adults, including deviations in nasality \[[@B19]\].

The main purpose of the present study was to examine the effect of cochlear implantation on hypernasality of the speech of hearing-impaired children. Statistical analysis revealed that the nasalance scores were significantly higher in hearing-impaired children, compared to their peers with normal hearing.

LaPine et al. \[[@B20]\] studied the effect of hearing amplification on nasalance in children. They did not report any significant differences in nasalance scores between the aided and unaided conditions. Nasalance scores were found to be significantly higher in the hearing-impaired than in individuals with no hearing impairment, regardless of the degree of hearing loss, age, or the frequency of using hearing aids \[[@B20][@B21]\].

The speech of the cochlear implantees was superior to that of the hearing aid users but did not match the normal controls. The nasalance scores of the cochlear implantees were significantly lower than those of the hearing aid users group, but were higher than those of the normal control group. This may be suggestive of the fact that increased nasality in the speech of children with congenital hearing loss is due to the inability of deaf speakers to monitor VP valving with auditory feedback.

There is a tendency in the present study towards improved nasalance scores after implantation, which highlights the role of auditory feedback in monitoring VP function. Auditory information contributes to the acquisition and maintenance of speech \[[@B22]\]. Children learn to relate their own auditory feedback to their articulatory gestures, and they learn how the consequences of their articulatory gestures compare to sounds that are produced by other talkers. Finally, children may learn to monitor their auditory feedback for the purpose of fine-tuning their continuing articulatory behavior, and for detecting speech sound errors \[[@B22]\].

The present study supports the earlier finding that acoustic variables still exist after cochlear implantation in children with hearing impairments at deviant levels \[[@B23]\], which needs to be addressed during speech therapy.

The scores are expected to be superior if the same study were to be conducted on children implanted at a younger age, before the critical period when the brain is still learning to interpret sound. Further research needs to be carried out to explore the effect of age at implantation as a variable in reducing nasality in speech and attaining normative values in cochlear implantees. Research also needs to be done comparing the nasality scores before and after cochlear implant surgery, and also between unilateral implantees and bilateral implantees.

In conclusion, the quality of speech of the cochlear implantees was superior to that of the hearing aid users, but did not match with the normal controls. Further research needs to be carried out to explore the effect of age at implantation as a variable in reducing nasality in speech and attaining normative values in cochlear implantees, and also between unilateral versus bilateral implantees.

We are greatly indebted to Biostatistics Unit, Christian Medical College, for statistical analyses and interpretation of data.
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###### Details regarding duration of hearing loss for both groups 1 and 2
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###### The average aided response for the different frequencies by hearing aid users and cochlear implantees
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###### The benefit of hearing aid tested using meaningful use of speech scale, meaningful auditory integration scale and Malayalam language test
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###### The results of one-way analysis of variance
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Statistically significant differences between all three groups (*P*\<0.001).

###### Multiple comparison using Bonferroni
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